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1. OBJECTIVES {#cam41776-sec-0005}
=============

Past treatment for patients with stage IV non‐small cell lung cancer (NSCLC) has mainly been platinum‐based chemotherapy, which corresponds to a median overall survival (OS) of 8‐10 months.[1](#cam41776-bib-0001){ref-type="ref"} In 2003, the U.S. Food and Drug Administration (FDA) approved gefitinib (Iressa^®^), an epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI), for the treatment of patients with locally advanced or metastatic NSCLC after failure of chemotherapy.[2](#cam41776-bib-0002){ref-type="ref"} Since then, an array of this kind of molecular targeted therapy[3](#cam41776-bib-0003){ref-type="ref"} and immunotherapy[4](#cam41776-bib-0004){ref-type="ref"} has been approved by the FDA for the treatment of metastatic NSCLC, especially for adenocarcinoma (AD). With the development of these new treatment options, the efficacy of systemic therapy in metastatic NSCLC has been continuously, although slowly, improving.[5](#cam41776-bib-0005){ref-type="ref"} With the prolonged survival of metastatic NSCLC patients, the importance of local control of primary and metastatic lesions is emerging. Thus, several strategies involving systemic therapy paired with a local treatment modality, such as radiotherapy (RT), have been explored.

It has been shown that using RT to control primary and metastatic tumors can reduce intra‐thoracic disease burden, bronchial/vascular compression, and pulmonary symptoms.[6](#cam41776-bib-0006){ref-type="ref"} In addition, local control of primary and metastatic tumors might result in better OS.[7](#cam41776-bib-0007){ref-type="ref"}, [8](#cam41776-bib-0008){ref-type="ref"}, [9](#cam41776-bib-0009){ref-type="ref"} Recently, a phase III randomized controlled trial (RCT) showed that thoracic radiotherapy (TRT) also improved OS of patients with extensive‐stage small cell lung cancer (SCLC) who responded to chemotherapy.[10](#cam41776-bib-0010){ref-type="ref"} Moreover, it has been reported that RT of the primary tumor may confer a survival benefit for certain patients with stage IV NSCLC.[11](#cam41776-bib-0011){ref-type="ref"}, [12](#cam41776-bib-0012){ref-type="ref"} Studies have also shown that RT of metastatic sites for either oligometastasis[13](#cam41776-bib-0013){ref-type="ref"} or non‐oligometastasis, that is, polymetastasis,[14](#cam41776-bib-0014){ref-type="ref"} may significantly improve the survival of stage IV NSCLC patients. Furthermore, advancements in RT techniques may reduce its toxicity to normal tissue and allow increased tumor doses, which may further improve the efficacy.[15](#cam41776-bib-0015){ref-type="ref"} Nevertheless, limited prospective RCT data are available to define the roles of RT in stage IV NSCLC. Whether or not RT in addition to chemotherapy is beneficial for OS in patients with metastatic NSCLC has not been adequately studied.

Therefore, we analyzed a large database from the Surveillance, Epidemiology, and End Results (SEER) registry representative of the entire U.S. patient population through conventional and propensity score matching (PSM) approaches.

2. MATERIALS AND METHODS {#cam41776-sec-0006}
========================

2.1. Participants and methods {#cam41776-sec-0007}
-----------------------------

### 2.1.1. Study population and data sources {#cam41776-sec-0008}

The SEER database encompasses population‐based cancer registries that cover approximately 28% of the U.S. population and includes basic demographics and some clinical characteristics.[16](#cam41776-bib-0016){ref-type="ref"} Eligible participants who were diagnosed as lung and bronchus cancer cases with a pathological report of AD, squamous cell carcinoma (SQC), large cell carcinoma (LCC), or any other specified or unspecified carcinoma from January 2010 to December 2012 were identified from the SEER database. The NSCLC categorization methods were described previously by Lewis et al[17](#cam41776-bib-0017){ref-type="ref"} SEER\*stat software (version 8.3.4, NIH, USA) was used to select patients. Inclusion criteria for this study were as follows: an M1 stage tumor according to the American Joint Committee on Cancer (*AJCC*) 7th edition; only one primary tumor; complete data on age, race, gender, tumor size, radiation recode, and metastases of the bone, liver, brain, lung at diagnosis; active follow‐up; and more than 0 days of survival. A total of 37 007 patients were recruited in this study, including both those who received RT (cases, n = 16 129) and those who did not (controls, n = 20 878; Figure [1](#cam41776-fig-0001){ref-type="fig"}).

![The flowchart of study population selection](CAM4-7-5015-g001){#cam41776-fig-0001}

### 2.1.2. Propensity score matching {#cam41776-sec-0009}

In an observational study, some selection bias always exists, which causes an imbalanced distribution of the confounding factors between two groups. A propensity score (PS) is the conditional probability of assignment to a particular treatment given a vector of observed covariates.[18](#cam41776-bib-0018){ref-type="ref"} To reduce selection bias and imbalanced distributions of the confounding factors, the PSM method was used in this study.[19](#cam41776-bib-0019){ref-type="ref"} Parameters that were significant in the univariate logistic regression models were entered into a multivariate logistic regression model to calculate PSs for each patient in the RT group and the non‐RT group. The PSM plug‐in[20](#cam41776-bib-0020){ref-type="ref"} of SPSS software was used to estimate the PS of each case. Then, PSM was performed using 1:1 nearest neighbor matching with a caliper of 0.02 to accept a matched pair. Chi‐squared tests were used to examine the covariate balance before and after PSM. In this study, PSM was performed between the RT group and the non‐RT group of each subgroup.

2.2. Statistical analysis {#cam41776-sec-0010}
-------------------------

General linear models or Mantel‐Haenszel chi‐squared tests were used to compare the distribution of demographic characteristics. The Kaplan‐Meier method was used to analyze the primary outcomes of OS and cancer‐specific survival (CSS). A multivariate Cox proportional hazards model was performed to evaluate the hazard ratio (HR) and 95% confidence interval (CI). Variables selected for multivariate analysis included age (≤65 years or \>65 years[21](#cam41776-bib-0021){ref-type="ref"}), sex, race (white, black, or other), marital status (married or unmarried), histology (ADC, SQC, LCC, or other specified or unspecified carcinoma), grade (1, 2, 3, 4, or unknown), sites of distant metastasis (brain, bone, liver and lung), number of distant metastatic sites (number of distant metastatic sites in the brain, bone, liver and lung), chemotherapy (yes or no), surgery (yes or no), and RT (yes or no). *P*‐values for linear trends were derived from regression models treating target categories (excluding unknowns) as continuous covariates. *P*‐values ≤0.05 (2‐sided) were considered statistically significant. All analyses were conducted using SPSS 23 (IBM Corp, Armonk, NY, USA).

3. RESULTS {#cam41776-sec-0011}
==========

A total of 37 007 cases were included in this study. The distributions of the patient characteristics for both study groups, that is, cases and controls, are presented in Table [1](#cam41776-tbl-0001){ref-type="table"}. PSM included the variables of age, gender, race, marital status, histological type, grade, T stage, N stage, chemotherapy, surgery, RT, and metastatic sites of bone, brain, liver, and lung. Nearly half of the patients received RT. Before PSM, cases were more likely than controls to be younger and to have well‐defined tumor sizes and metastasis to bone or brain. Although significant differences were still observed in some variables, the distributions of most demographic and clinical factors were well balanced between the cases and controls after PSM.

###### 

Selected baseline characteristics for study population by study groups, the Surveillance, Epidemiology, and End Results (SEER) database, 2010‐2012

  Characteristic                                                                                         Before PSM    After PSM[a](#cam41776-note-0004){ref-type="fn"}                                         
  ------------------------------------------------------------------------------------------------------ ------------- -------------------------------------------------- --------- ------------- ------------- ---------
  Age \[Years, mean (SD)\]                                                                               68.9 (11.2)   64.7 (10.9)                                        \<0.001   66.7 (11.1)   66.4 (11.2)   0.042
  Sex (Female, %)                                                                                        44.9          43.8                                               0.043     43.2          44.0          0.280
  Race (White, %)                                                                                        77.7          78.4                                               0.108     78.3          76.6          0.005
  Marital (Married, %)                                                                                   47.7          52.3                                               \<0.001   49.4          49.5          0.901
  Histology (%)                                                                                                                                                                                                 
  AD                                                                                                     58.4          55.0                                               \<0.001   56.1          55.9          0.206
  SQC                                                                                                    18.1          21.2                                               19.8      20.6                        
  Other                                                                                                  4.9           4.4                                                4.6       4.5                         
  LCC                                                                                                    2.3           2.5                                                2.4       2.5                         
  Unspecified                                                                                            16.3          16.8                                               17.1      16.5                        
  Grade (%)                                                                                                                                                                                                     
  1                                                                                                      2.7           1.8                                                \<0.001   1.9           2.0           0.305
  2                                                                                                      10.3          11.2                                               11.6      11.3                        
  3                                                                                                      24.7          29.2                                               28.2      29.2                        
  4                                                                                                      1.6           1.7                                                1.6       1.8                         
  Unknown                                                                                                60.8          56.1                                               56.7      55.6                        
  T (%)                                                                                                                                                                                                         
  T0‐T2                                                                                                  31.0          35.2                                               \<0.001   33.5          34.3          0.119
  T3‐T4                                                                                                  53.0          55.0                                               55.9      54.6                        
  Unknown                                                                                                16.0          9.8                                                10.6      11.2                        
  N (%)                                                                                                                                                                                                         
  N0                                                                                                     26.2          21.2                                               \<0.001   21.6          22.1          0.098
  N1                                                                                                     7.2           8.3                                                8.0       8.3                         
  N2                                                                                                     41.3          46.7                                               45.4      43.9                        
  N3                                                                                                     17.5          19.4                                               20.1      20.1                        
  Unknown                                                                                                7.8           4.4                                                4.9       5.5                         
  Number of metastatic sites of lung, brain, bone and liver (%)[c](#cam41776-note-0006){ref-type="fn"}                                                                                                          
  0                                                                                                      32.8          16.2                                               \<0.001   25.7          24.1          0.029
  1                                                                                                      46.0          49.7                                               46.6      46.8                        
  2                                                                                                      15.9          23.9                                               20.4      21.4                        
  3                                                                                                      4.6           8.3                                                6.0       6.4                         
  4                                                                                                      0.7           1.8                                                1.4       1.2                         
  Bone metastasis (Yes, %)[d](#cam41776-note-0007){ref-type="fn"}                                        30.1          44.7                                               \<0.001   44.3          43.9          0.472
  Brain metastasis (Yes, %)[d](#cam41776-note-0007){ref-type="fn"}                                       10.9          44.4                                               \<0.001   21.2          23.6          \<0.001
  Liver metastasis (Yes, %)[d](#cam41776-note-0007){ref-type="fn"}                                       20.1          15.3                                               \<0.001   16.8          17.9          0.034
  Lung metastasis (Yes, %)[d](#cam41776-note-0007){ref-type="fn"}                                        33.3          25.5                                               \<0.001   28.4          28.7          0.616
  Chemotherapy (Yes, %)                                                                                  56.2          37.8                                               \<0.001   56.7          54.9          0.010
  Surgery (Yes, %)                                                                                       3.8           3.2                                                0.002     3.2           3.3           0.462

n, number of cases/controls; PSM, propensity score matching; RT, radiotherapy; AD, adenocarcinoma; SQC, squamous cell carcinoma; Other, other specified carcinoma; LCC, large cell carcinoma; Unspecified, unspecified malignant neoplasm.

PSM were done using variables including: age, gender, race, marital, histological types, grade, T stage, N stage, chemotherapy, surgery, radiotherapy, and metastatic sites of bone, brain, liver, and lung.

Derived from ANOVA for continuous variables and *X* ^2^ test for categorical variables.

Number of distant metastasis include four sites of distant metastasis at diagnose SEER provided: bone; brain; liver; lung.

Bone, brain, liver, and lung are four sites of distant metastasis at diagnose SEER provided.

John Wiley & Sons, Ltd

All the baseline characteristics and selected variables were included in a univariate analysis between the cases and controls in relation to both OS and CSS. Table [2](#cam41776-tbl-0002){ref-type="table"} shows all the significant variables in the univariate analysis in addition to the results when all the variables were entered into a multivariate model. As expected, older age, male, higher histology grade and T stage, larger tumor sizes, and more distant metastasis were associated with poorer OS and CSS. Receiving chemotherapy, surgery, and RT were all strongly associated with better survival (*P *\<* *0.001). Histology of AD was also found to be associated with better survival. However, white, unmarried patients were found to be associated with slight but significantly worse survival, which was possibly partially due to the large sample size.

###### 

Univariate and multivariate analyses of OS and CSS for different variables of NSCLC before PSM

  Characteristic[b](#cam41776-note-0009){ref-type="fn"}                             Univariate         Multivariate                                                                                
  --------------------------------------------------------------------------------- ------------------ -------------- ------------------ --------- ------------------ --------- ------------------ ---------
  Age (\<66 as ref.)                                                                1.3 (1.3‐1.31)     \<0.001        1.3 (1.2‐1.3)      \<0.001   1.2 (1.1‐1.2)      \<0.001   1.1 (1.1‐1.2)      \<0.001
  Gender (Female as ref.)                                                           1.2 (1.2‐1.3)      \<0.001        1.2 (1.2‐1.2)      \<0.001   1.2 (1.2‐1.2)      \<0.001   1.2 (1.2‐1.2)      \<0.001
  Race (White as ref.)                                                                                                                                                                             
  Black                                                                             1.0 (1.0‐1.0)      0.874          1.0 (0.9‐1.0)      0.876     1.0 (0.9‐1.0)      0.019     1.0 (0.9‐1.0)      \<0.001
  Other                                                                             0.72 (0.70‐0.75)   \<0.001        0.72 (0.69‐0.75)   \<0.001   0.73 (0.70‐0.76)   \<0.001   0.72 (0.69‐0.75)   \<0.001
  Marital (Married as ref.)                                                         1.2 (1.2‐1.2)      \<0.001        1.2 (1.1‐1.2)      \<0.001   1.1 (1.1‐1.1)      \<0.001   1.1 (1.1‐1.1)      \<0.001
  Histology (AD as ref.)                                                                                                                                                                           
  SQC                                                                               1.3 (1.2‐1.3)      \<0.001        1.3 (1.2‐1.3)      \<0.001   1.1 (1.1‐1.2)      \<0.001   1.1 (1.1‐1.2)      \<0.001
  Other                                                                             1.1 (1.0‐1.1)      0.006          1.1 (1.0‐1.1)      \<0.001   1.0 (0.9‐1.1)      0.994     1.0 (0.9‐1.1)      0.725
  LCC                                                                               1.4 (1.3‐1.5)      \<0.001        1.4 (1.3‐1.5)      \<0.001   1.3 (1.2‐1.4)      \<0.001   1.3 (1.2‐1.4)      \<0.001
  Unspecified                                                                       1.4 (1.4‐1.4)      \<0.001        1.4 (1.4‐1.4)      \<0.001   1.2 (1.2‐1.2)      \<0.001   1.2 (1.2‐1.2)      \<0.001
  Grade (1 as ref.)                                                                                                                                                                                
  2                                                                                 1.3 (1.2‐1.4)      \<0.001        1.3 (1.2‐1.4)      \<0.001   1.3 (1.2‐1.4)      \<0.001   1.3 (1.2‐1.4)      \<0.001
  3                                                                                 1.7 (1.5‐1.8)      \<0.001        1.7 (1.6‐1.8)      \<0.001   1.6 (1.5‐1.7)      \<0.001   1.6 (1.5‐1.7)      \<0.001
  4                                                                                 1.9 (1.7‐2.1)      \<0.001        2.0 (1.8‐2.2)      \<0.001   1.7 (1.5‐1.9)      \<0.001   1.8 (1.6‐2.0)      \<0.001
  Unknown                                                                           1.6 (1.5‐1.8)      \<0.001        1.7 (1.5‐1.8)      \<0.001   1.5 (1.4‐1.6)      \<0.001   1.5 (1.4‐1.7)      \<0.001
  Number of distant metastasis (0 as ref.)[b](#cam41776-note-0011){ref-type="fn"}                                                                                                                  
  1                                                                                 1.1 (1.0‐1.1)      \<0.001        1.1 (1.1‐1.1)      \<0.001   1.1 (1.1‐1.1)      \<0.001   1.2 (1.1‐1.2)      \<0.001
  2                                                                                 1.3 (1.3‐1.4)      \<0.001        1.4 (1.3‐1.4)      \<0.001   1.5 (1.5‐1.6)      \<0.001   1.6 (1.5‐1.6)      \<0.001
  3                                                                                 1.6 (1.5‐1.6)      \<0.001        1.6 (1.6‐1.7)      \<0.001   1.9 (1.8‐1.9)      \<0.001   1.9 (1.9‐2.0)      \<0.001
  4                                                                                 1.5 (1.4‐1.7)      \<0.001        1.6 (1.5‐1.8)      \<0.001   1.8 (1.7‐2.1)      \<0.001   2.0 (1.8‐2.2)      \<0.001
  Chemotherapy (No as ref.)                                                         0.42 (0.41‐0.43)   \<0.001        0.43 (0.42‐0.44)   \<0.001   0.42 (0.41‐0.43)   \<0.001   0.43 (0.42‐0.44)   \<0.001
  Surgery (No as ref.)                                                              0.45 (0.42‐0.48)   \<0.001        0.44 (0.41‐0.47)   \<0.001   0.49 (0.45‐0.52)   \<0.001   0.48 (0.45‐0.51)   \<0.001
  Radiotherapy (No as ref.)                                                         0.87 (0.85‐0.89)   \<0.001        0.89 (0.87‐0.91)   \<0.001   0.89 (0.87‐0.90)   \<0.001   0.90 (0.88‐0.92)   \<0.001

n, number of cases/controls; OS, overall survival; CSS, cancer‐specific survival; PSM, propensity score matching; RT, radiotherapy; AD, adenocarcinoma; SQC, squamous cell carcinoma; Other, other specified carcinoma; LCC, large cell carcinoma; Unspecified, unspecified malignant neoplasm; HR, hazard ratio; CI, confidence interval.

Derived from COX regression analysis.

All the variables selected in this table were included in the multivariate analysis.

Number of distant metastasis included four sites of distant metastasis at diagnose SEER provided: bone, brain, liver, and lung.

John Wiley & Sons, Ltd

Table [3](#cam41776-tbl-0003){ref-type="table"} shows the OS and CSS of different metastases to the four selected metastatic sites, brain, bone, liver, and lung, at diagnosis with or without RT after PSM. PSM was performed for each subgroup including the variables of age, gender, race, marital status, histological type, grade, T stage, N stage, chemotherapy, surgery, and RT. RT was found to be associated with significantly improved survival of NSCLC patients with metastases to the brain (*P *\<* *0.001) but not to the bone (*P *=* *0.134), lungs (*P = *0.055), or liver (*P *=* *0.399). Interestingly, patients who developed metastases at more than two sites, that is, patients with polymetastases, receiving RT had both better OS (*P *\<* *0.001) and better CSS (*P = *0.012).

###### 

OS and CSS of lung cancer with distant metastasis to bone, brain, liver, and lung with or without radiotherapy after PSM[a](#cam41776-note-0013){ref-type="fn"}

  Metastatic site                                    n        OS (95% CI)[b](#cam41776-note-0014){ref-type="fn"}mo   *P* [c](#cam41776-note-0015){ref-type="fn"}   CSS (95% CI)[b](#cam41776-note-0014){ref-type="fn"}mo   *P* [c](#cam41776-note-0015){ref-type="fn"}
  -------------------------------------------------- -------- ------------------------------------------------------ --------------------------------------------- ------------------------------------------------------- ---------------------------------------------
  Brain[d](#cam41776-note-0016){ref-type="fn"}                                                                                                                                                                             
  No RT                                              2253     5.6 (5.2‐6.0)                                          \<0.001                                       6.3 (5.8‐6.9)                                           \<0.001
  RT                                                 2253     7.5 (7.0‐8.0)                                          8.1 (7.6‐8.7)                                                                                         
  Bone[d](#cam41776-note-0016){ref-type="fn"}                                                                                                                                                                              
  No RT                                              5515     8.2 (7.9‐8.6)                                          0.027                                         9.0 (8.6‐9.3)                                           0.134
  RT                                                 5515     8.2 (7.9‐8.5)                                          8.8 (8.4‐9.1)                                                                                         
  Liver[d](#cam41776-note-0016){ref-type="fn"}                                                                                                                                                                             
  No RT                                              2113     6.5 (6.0‐7.0)                                          0.175                                         7.0 (6.5‐7.6)                                           0.399
  RT                                                 2113     6.4 (6.0‐6.8)                                          6.8 (6.4‐7.2)                                                                                         
  Lung[d](#cam41776-note-0016){ref-type="fn"}                                                                                                                                                                              
  No RT                                              3479     9.4 (9.0‐9.9)                                          0.040                                         10.4 (9.9‐10.9)                                         0.055
  RT                                                 3479     10.0 (9.5‐10.4)                                        10.6 (10.1‐11.1)                                                                                      
  All sites[e](#cam41776-note-0017){ref-type="fn"}                                                                                                                                                                         
  No RT                                              11 025   9.7 (9.5‐10.0)                                         0.328                                         10.7 (10.4‐11.0)                                        0.648
  RT                                                 11 025   9.5 (9.2‐9.7)                                          10.1 (9.9‐10.4)                                                                                       
  ≥2 sites[f](#cam41776-note-0018){ref-type="fn"}                                                                                                                                                                          
  No RT                                              3874     6.7 (6.3‐7.0)                                          \<0.001                                       7.4 (7.0‐7.7)                                           0.012
  RT                                                 3874     7.1 (6.8‐7.4)                                          7.5 (7.2‐7.9)                                                                                         

n, number of cases/controls; OS, overall survival; CSS, cancer‐specific survival; CI, confidence interval; PSM, propensity score matching; RT, radiotherapy.

PSM were done in each subgroup using variables including: age, gender, race, marital, histological types, grade, T stage, N stage, chemotherapy, surgery, and radiotherapy.

Derived from Kaplan‐Meier survival analysis.

Derived from log‐rank test statistics.

Bone, brain, liver, and lung are four sites of distant metastasis at diagnose SEER provided.

All sites: With one or more metastatic sites in bone, brain, liver, and lung.

≥2 sites: With two or more metastatic sites in bone, brain, liver, and lung.

John Wiley & Sons, Ltd

Table [4](#cam41776-tbl-0004){ref-type="table"} further shows the OS and CSS for different histologies. PSM was performed in each subgroup including the variables of age, gender, race, marital status, grade, T stage, N stage, chemotherapy, surgery, RT, and metastatic sites of bone, brain, liver, and lung. RT was found to be associated with a significant improvement in survival among patients with a histology of SQC (*P *\<* *0.001), LCC (*P = *0.044) or unspecified malignant neoplasms (*P *\<* *0.001) but not among patients with a histology of AD (*P *=* *0.205) or other specified carcinomas (*P *=* *0.119). As a whole, for all stage IV NSCLC patients, RT was associated with improvements in neither OS (*P *=* *0.857) nor CSS (*P *=* *0.080).

###### 

OS and CSS between different histology of cancer with or without radiotherapy after PSM[a](#cam41776-note-0016){ref-type="fn"}

  Histology     Treatment   n                  OS (95% CI)[b](#cam41776-note-0017){ref-type="fn"} mo   *P* [c](#cam41776-note-0018){ref-type="fn"}   CSS (95% CI)[b](#cam41776-note-0017){ref-type="fn"} mo   *P* [c](#cam41776-note-0018){ref-type="fn"}
  ------------- ----------- ------------------ ------------------------------------------------------- --------------------------------------------- -------------------------------------------------------- ---------------------------------------------
  AD            No RT       5429               11.6 (11.2‐12.0)                                        0.423                                         12.6 (12.1‐13.0)                                         0.205
  RT            5429        11.0 (10.6‐11.4)   11.8 (11.4‐12.2)                                                                                                                                               
  SQC           No RT       2397               7.6 (7.1‐8.1)                                           \<0.001                                       8.6 (8.0‐9.1)                                            \<0.001
  RT            2397        9.6 (9.1‐10.1)     10.7 (10.1‐11.3)                                                                                                                                               
  Other         No RT       448                9.8 (8.4‐11.2)                                          0.061                                         10.8 (9.3‐12.4)                                          0.119
  RT            448         10.6 (9.4‐11.8)    11.2 (9.9‐12.6)                                                                                                                                                
  LCC           No RT       222                6.3 (5.0‐7.5)                                           0.041                                         6.6 (5.3‐7.9)                                            0.044
  RT            222         8.2 (6.6‐9.8)      8.6 (6.9‐10.3)                                                                                                                                                 
  Unspecified   No RT       1746               6.8 (6.3‐7.4)                                           \<0.001                                       7.7 (7.0‐8.3)                                            \<0.001
  RT            1746        8.9 (8.3‐9.5)      9.6 (8.9‐10.3)                                                                                                                                                 
  All NSCLC     No RT       14 066             10.8 (10.5‐11.0)                                        0.857                                         11.8 (11.6‐12.1)                                         0.080
  RT            14 066      10.4 (10.1‐10.6)   11.1 (10.9‐11.4)                                                                                                                                               

PSM, propensity score matching; n, number of cases/controls; RT, radiotherapy; OS, overall survival; CSS, cancer‐specific survival; CI, confidence interval; AD, adenocarcinoma; SQC, squamous cell carcinoma; Other, other specified carcinoma; LCC, large cell carcinoma; Unspecified, unspecified malignant neoplasm; NSCLC, non‐small cell lung cancer.

PSM were done in each subgroup using variables including: age, gender, race, marital, grade, T stage, N stage, chemotherapy, surgery, radiotherapy, and metastatic sites of bone, brain, liver, and lung.

Derived from Kaplan‐Meier survival analysis.

Derived from log‐rank test statistics.

John Wiley & Sons, Ltd

Table [5](#cam41776-tbl-0005){ref-type="table"} shows the interplay of metastatic sites with histology types in the treatment of RT for stage IV NSCLC. PSM was performed for each subgroup including the variables of age, gender, race, marital status, grade, T stage, N stage, chemotherapy, surgery, and RT. A statistical interaction was found among different pathological types. For SQC, RT was found to universally and significantly improve the survival of patients for almost all metastatic sites (*P *\<* *0.001) in addition to patients without metastasis (*P *\<* *0.001) most likely due to treatment of the primary site. For LCC and unspecified malignant neoplasms, there was a trend toward improving OS and CSS, although most of the analyses were not statistically significant, possibly due to the small sample size. For AD, radiation conferred a survival benefit only for patients with brain metastasis (OS: 8.7 months vs 6.8 months, *P *\<* *0.001; CSS: 9.2 months vs 7.6 months, *P *\<* *0.001). Interestingly, patients who developed metastases at more than two sites, that is, patients with polymetastases, receiving RT had both better OS (*P *\<* *0.001) and better CSS (*P = *0.012). It is also intriguing that patients with polymetastases receiving RT tended to have both better OS and better CSS for all histological types except SQC.

###### 

OS and CSS between different histology and metastatic sites of NSCLC with or without radiotherapy after PSM[a](#cam41776-note-0024){ref-type="fn"}

  Histology                                                 Treatment   n                  OS (95%CI)[b](#cam41776-note-0025){ref-type="fn"} mo   *P* [c](#cam41776-note-0026){ref-type="fn"}   CSS (95%CI)[b](#cam41776-note-0025){ref-type="fn"} mo   *P* [c](#cam41776-note-0026){ref-type="fn"}
  --------------------------------------------------------- ----------- ------------------ ------------------------------------------------------ --------------------------------------------- ------------------------------------------------------- ---------------------------------------------
  Brain metastasis[d](#cam41776-note-0027){ref-type="fn"}                                                                                                                                                                                               
  AD                                                        No RT       1265               6.8 (6.1‐7.5)                                          \<0.001                                       7.6 (6.9‐8.4)                                           \<0.001
  RT                                                        1265        8.7 (8.0‐9.4)      9.2 (8.5‐10.0)                                                                                                                                               
  SQC                                                       No RT       266                3.7 (2.9‐4.6)                                          0.037                                         4.3 (3.3‐5.3)                                           0.093
  RT                                                        266         4.6 (3.7‐5.5)      4.9 (3.9‐5.9)                                                                                                                                                
  Other                                                     No RT       85                 6.0 (3.4‐8.6)                                          0.139                                         6.2 (3.5‐8.9)                                           0.095
  RT                                                        85          6.4 (4.7‐8.1)      7.0 (5.1‐8.9)                                                                                                                                                
  LCC                                                       No RT       42                 4.2 (2.5‐5.9)                                          0.114                                         4.5 (2.7‐6.4)                                           0.128
  RT                                                        42          7.4 (3.9‐11.0)     8.6 (4.3‐12.8)                                                                                                                                               
  Unspecified                                               No RT       441                4.2 (3.4‐5.0)                                          0.001                                         4.8 (3.9‐5.8)                                           0.002
  RT                                                        441         5.8 (4.8‐6.8)      6.4 (5.3‐7.5)                                                                                                                                                
  Bone metastasis[d](#cam41776-note-0027){ref-type="fn"}                                                                                                                                                                                                
  AD                                                        No RT       2927               10.1 (9.5‐10.6)                                        0.995                                         10.9 (10.3‐11.5)                                        0.747
  RT                                                        2927        9.6 (9.2‐10.1)     10.3 (9.8‐10.8)                                                                                                                                              
  SQC                                                       No RT       807                5.2 (4.6‐5.8)                                          0.005                                         5.7 (5.1‐6.4)                                           0.015
  RT                                                        807         6.0 (5.4‐6.6)      6.5 (5.8‐7.2)                                                                                                                                                
  Other                                                     No RT       184                7.8 (6.1‐9.5)                                          0.105                                         8.6 (6.7‐10.5)                                          0.233
  RT                                                        184         9.1 (7.4‐10.7)     9.3 (7.6‐11.1)                                                                                                                                               
  LCC                                                       No RT       74                 4.9 (3.3‐6.5)                                          0.364                                         5.3 (3.6 ‐7.0)                                          0.445
  RT                                                        74          5.7 (3.9‐7.6)      6.1 (4.1‐8.1)                                                                                                                                                
  Unspecified                                               No RT       761                6.0 (5.3‐6.8)                                          0.029                                         6.6 (5.8‐7.5)                                           0.089
  RT                                                        761         6.6 (5.9‐7.4)      7.1 (6.2‐8.0)                                                                                                                                                
  Liver metastasis[d](#cam41776-note-0027){ref-type="fn"}                                                                                                                                                                                               
  AD                                                        No RT       852                7.5 (6.7‐8.3)                                          0.451                                         8.1 (7.2‐8.9)                                           0.249
  RT                                                        852         6.7 (6.0‐7.3)      7.0 (6.3‐7.6)                                                                                                                                                
  SQC                                                       No RT       337                4.6 (3.9‐5.3)                                          0.013                                         5.0 (4.2‐5.9)                                           0.028
  RT                                                        337         5.8 (4.9‐6.6)      6.1 (5.2‐7.1)                                                                                                                                                
  Other                                                     No RT       95                 6.5 (4.3‐8.7)                                          0.092                                         6.9 (4.6‐9.2)                                           0.110
  RT                                                        95          8.7 (6.4‐11.0)     9.1 (6.7‐11.4)                                                                                                                                               
  LCC                                                       No RT       32                 3.0 (1.2‐4.7)                                          0.116                                         3.0 (1.2‐4.7)                                           0.116
  RT                                                        32          5.0 (2.8‐7.1)      5.0 (2.8‐7.1)                                                                                                                                                
  Unspecified                                               No RT       328                4.4 (3.6‐5.2)                                          0.146                                         4.7 (3.9‐5.6)                                           0.186
  RT                                                        328         5.1 (4.2‐6.1)      5.5 (4.4‐6.6)                                                                                                                                                
  Lung metastasis[d](#cam41776-note-0027){ref-type="fn"}                                                                                                                                                                                                
  AD                                                        No RT       1596               11.3 (10.5‐12.0)                                       0.166                                         12.1 (11.4 ‐12.9)                                       0.113
  RT                                                        1596        10.3 (9.6‐11.0)    11.0 (10.3‐11.8)                                                                                                                                             
  SQC                                                       No RT       696                8.4 (7.5‐9.3)                                          \<0.001                                       9.1 (8.1‐10.1)                                          0.001
  RT                                                        696         10.5 (9.5‐11.5)    11.4 (10.3‐12.5)                                                                                                                                             
  Other                                                     No RT       90                 14.0 (10.1‐18.0)                                       0.104                                         14.8 (10.6‐18.9)                                        0.109
  RT                                                        90          9.3 (6.5‐12.1)     9.7 (6.7‐12.6)                                                                                                                                               
  LCC                                                       No RT       41                 4.6 (2.8‐6.4)                                          0.100                                         4.6 (2.8‐6.4)                                           0.100
  RT                                                        41          7.2 (4.5‐9.9)      7.2 (4.5‐9.9)                                                                                                                                                
  Unspecified                                               No RT       436                6.3 (5.4‐7.3)                                          0.008                                         7.1 (6.0‐8.2)                                           0.034
  RT                                                        436         8.1 (6.9‐9.2)      8.5 (7.2‐9.7)                                                                                                                                                
  Non metastasis[e](#cam41776-note-0028){ref-type="fn"}                                                                                                                                                                                                 
  AD                                                        No RT       976                15.2 (14.1‐16.3)                                       0.318                                         16.6 (15.4‐17.8)                                        0.361
  RT                                                        976         15.9 (14.8‐17.0)   17.3 (16.1‐18.5)                                                                                                                                             
  SQC                                                       No RT       703                9.6 (8.9‐10.9)                                         \<0.001                                       11.1 (10.0‐12.4)                                        \<0.001
  RT                                                        703         12.4 (11.3‐13.6)   14.2 (12.8‐15.6)                                                                                                                                             
  Other                                                     No RT       83                 15.1 (10.7‐19.6)                                       0.340                                         17.3 (12.4‐22.2)                                        0.244
  RT                                                        83          10.5 (7.9‐13.0)    11.2 (8.4‐14.0)                                                                                                                                              
  LCC                                                       No RT       41                 6.7 (4.2‐9.3)                                          0.124                                         7.0 (4.3‐9.6)                                           0.063
  RT                                                        41          10.8 (6.4‐15.1)    12.5 (7.2‐17.7)                                                                                                                                              
  Unspecified                                               No RT       370                9.7 (8.4‐11.1)                                         0.132                                         11.1 (9.5‐12.6)                                         0.215
  RT                                                        370         11.3 (9.8‐12.9)    12.5 (10.8‐14.3)                                                                                                                                             
  ≥2 sites[f](#cam41776-note-0029){ref-type="fn"}                                                                                                                                                                                                       
  AD                                                        No RT       2285               8.1 (7.6‐8.6)                                          0.088                                         8.9 (8.3‐9.4)                                           0.221
  RT                                                        2285        8.4 (7.9‐8.9)      9.0 (8.5‐9.3)                                                                                                                                                
  SQC                                                       No RT       529                4.5 (3.8‐5.2)                                          0.248                                         4.9 (4.1‐5.7)                                           0.295
  RT                                                        529         4.6 (4.0‐5.2)      4.9 (4.3‐5.6)                                                                                                                                                
  Other                                                     No RT       168                6.2 (4.7‐7.7)                                          0.057                                         6.5 (4.9‐8.1)                                           0.061
  RT                                                        168         7.6 (6.1‐9.1)      7.9 (6.4‐9.4)                                                                                                                                                
  LCC                                                       No RT       70                 2.8 (2.1‐3.5)                                          0.002                                         2.8 (2.1‐3.5)                                           0.003
  RT                                                        70          5.4 (3.8‐6.9)      5.4 (3.8‐6.9)                                                                                                                                                
  Unspecified                                               No RT       629                4.4 (3.7‐4.9)                                          0.003                                         4.8 (4.2‐5.5)                                           0.021
  RT                                                        629         5.4 (4.7‐6.2)      5.7 (4.9‐6.5)                                                                                                                                                

n, number of cases/controls; OS, overall survival; PSM, propensity score matching; RT, radiotherapy; NSCLC, non‐small cell lung cancer; AD, adenocarcinoma; SQC, squamous cell carcinoma; Other, other specified carcinoma; LCC, large cell carcinoma; Unspecified, unspecified malignant neoplasm.

PSM were done in each subgroup using variables including age, gender, race, marital, grade, T stage, N stage, chemotherapy, surgery, and radiotherapy.

Derived from Kaplan‐Meier survival analysis.

Derived from log‐rank test statistics.

Bone, brain, liver and lung are four sites of distant metastasis at diagnose SEER provided.

Non metastasis: With no metastatic sites in bone, brain, liver, and lung.

≥2 sites: With two or more metastatic sites in bone, brain, liver, and lung.

John Wiley & Sons, Ltd

4. DISCUSSION {#cam41776-sec-0012}
=============

To our knowledge, the present study is the first population‐based analysis using PSM to assess the role of RT in treating metastatic NSCLC. In this study, after conducting both multivariate regression and PSM analyses, we found that RT can generally confer a survival benefit for most histological types of stage IV NSCLC, except AD. The beneficial effect on survival observed from the SEER database highlights the importance of RT in the management of stage IV NSCLC. The efficacy of systemic therapy in metastatic NSCLC has continuously, although slowly, improved. Even before the era of targeted therapy, select patients with stage IV NSCLC could achieve long‐term survival through aggressive, multimodality treatments including surgery and RT.[22](#cam41776-bib-0022){ref-type="ref"} The rapid advances in molecular targeted therapy and immunotherapy in the treatment of metastatic NSCLC have helped to greatly prevent or delay additional metastases.

Theoretically, local control of the primary and metastatic tumor can reduce the intra‐thoracic disease burden and symptoms[6](#cam41776-bib-0006){ref-type="ref"} and might result in a better OS.[7](#cam41776-bib-0007){ref-type="ref"}, [8](#cam41776-bib-0008){ref-type="ref"}, [9](#cam41776-bib-0009){ref-type="ref"}, [11](#cam41776-bib-0011){ref-type="ref"}, [22](#cam41776-bib-0022){ref-type="ref"}, [23](#cam41776-bib-0023){ref-type="ref"} This notion is supported by a study of extensive‐stage SCLC.[10](#cam41776-bib-0010){ref-type="ref"} It remains controversial whether RT can confer a survival benefit in stage IV NSCLC patients, especially for those with non‐oligometastatic disease. First, the survival benefits observed in these trials might be driven by the effects of RT on the oligometastatic disease. The term "oligometastatic" was first proposed by Hellman and Weichselbaum[24](#cam41776-bib-0024){ref-type="ref"} and describes metastases at 1‐5 sites. A disease spectrum might exist between the oligometastatic state and the extensive metastatic state. A select cohort of stage IV NSCLC patients apparently survived better than stage III patients, indicating that stage IV NSCLC might be heterogeneous in nature.[23](#cam41776-bib-0023){ref-type="ref"} Emerging evidence shows that local therapy could be potentially curative for oligometastasis.[25](#cam41776-bib-0025){ref-type="ref"}, [26](#cam41776-bib-0026){ref-type="ref"}, [27](#cam41776-bib-0027){ref-type="ref"}, [28](#cam41776-bib-0028){ref-type="ref"}

A recent systematic review by Ashworth et al[29](#cam41776-bib-0029){ref-type="ref"} found that definitive treatment of the primary tumor was a good prognostic factor for survival of NSCLC patients with 1‐5 metastases. In addition, Ashworth et al[30](#cam41776-bib-0030){ref-type="ref"} performed an individual patient data meta‐analysis and found that long‐term survival is common in patients with metachronous oligometastases. Through another meta‐analysis, Li et al[7](#cam41776-bib-0007){ref-type="ref"} subsequently found that synchronous oligometastatic NSCLC patients might benefit from aggressive thoracic therapy. In fact, radical treatment of oligometastatic NSCLC might be equally effective for synchronous and metachronous manifestations.[13](#cam41776-bib-0013){ref-type="ref"} Thus, radical treatment of extensive metastatic NSCLC might also improve prognosis in select cases. For example, we found that radiation treatment in patients with two or more organ metastases, which most likely indicates extensive metastases,[31](#cam41776-bib-0031){ref-type="ref"} also leads to better OS and CSS.

Palliative TRT was also shown to be safe and might be beneficial for metastatic NSCLC patients with controlled extra‐thoracic diseases.[32](#cam41776-bib-0032){ref-type="ref"} However, one study found that the use of palliative TRT in stage IV NSCLC was associated with younger patients, the receipt of chemotherapy, and having undergone surgery of metastatic sites, which indicates that the survival benefits of palliative TRT may be due to confounding factors.[33](#cam41776-bib-0033){ref-type="ref"} Controlling the primary tumor was found to prolong patient survival and may lead to long‐term survival of patients with stage IV NSCLC.[34](#cam41776-bib-0034){ref-type="ref"}, [35](#cam41776-bib-0035){ref-type="ref"} Refusing palliative RT led to poor survival.[36](#cam41776-bib-0036){ref-type="ref"} Both the 2011 American Society for Radiation Oncology (ASTRO) Guideline and the 2014 European Society for Medical Oncology (ESMO) Guideline concluded that RT plays a major role in controlling the symptoms of metastases, such as painful chest wall disease, superior vena cava syndrome, soft tissue, or neural invasion. Therefore, there is no doubt that palliative TRT plays an important role in metastatic lung cancer. In addition, the ASTRO guideline noted that higher dose/fractionation RT regimens are associated with modest improvements in survival, suggesting that RT might have an additional role other than its palliative effects.[37](#cam41776-bib-0037){ref-type="ref"}, [38](#cam41776-bib-0038){ref-type="ref"} Aggressive palliative radiation doses delivered to the primary tumor were associated with better OS and local control in patients with stage IV NSCLC.[8](#cam41776-bib-0008){ref-type="ref"} Yun Chiang et al[32](#cam41776-bib-0032){ref-type="ref"} found that high thoracic RT doses (median dose of 55 Gy) resulted in greater survival. However, while high RT doses render higher tumor control rates, there is also a higher than normal probability of complications. Thus, the safety and efficacy of RT needs to be carefully considered. It is of paramount importance to identify the subgroup of patients with extensive metastasis who may be potentially cured by adding RT, after careful consideration of the safety and efficacy, to systemic therapy.

In the era of two‐dimensional RT (2D‐RT), TRT has long been used only for palliative care in metastatic NSCLC.[8](#cam41776-bib-0008){ref-type="ref"}, [39](#cam41776-bib-0039){ref-type="ref"} New RT techniques, such as stereotactic body radiotherapy (SBRT), have reduced radiation doses to normal tissues and increased the dose to the tumor.[9](#cam41776-bib-0009){ref-type="ref"}, [40](#cam41776-bib-0040){ref-type="ref"} Simultaneous RT to \>5 metastatic sites has been shown to be feasible, tolerable and effective. For example, RT using γ knife surgery has been widely used in patients with \>10 brain metastases.[41](#cam41776-bib-0041){ref-type="ref"} A current phase II randomized trial (NCT Identifier: NCT02045446)[42](#cam41776-bib-0042){ref-type="ref"} is enrolling patients to receive either consolidative SBRT plus maintenance chemotherapy or maintenance chemotherapy alone for limited metastatic NSCLC. Accrual was ended early after an unplanned interim analysis found a significant improvement in progression‐free survival (PFS), from 3.5 to 9.7 months, with the addition of SBRT. Toxicity was similar in each arm. This study, together with previous data, has led to the current phase III trial (Identifier: NRG‐LU 002), which is evaluating the effect of SBRT in addition to maintenance chemotherapy on the OS of limited metastatic NSCLC patients. Moreover, as reported by Rusthoven et al,[43](#cam41776-bib-0043){ref-type="ref"} the predominant pattern of failure in advanced NSCLC after first‐line systemic therapy is local recurrence, which justifies adding SBRT treatment to improve the time to disease progression. Barton underlined the importance of designing this study to reflect real‐world treatment approaches, which will make clinicians and patients more comfortable with the approach of consolidative local therapy.[44](#cam41776-bib-0044){ref-type="ref"} Moreover, because of the remarkable physical and biophysical advantages, more advanced radiation techniques, such as proton[45](#cam41776-bib-0045){ref-type="ref"} and heavy ion therapy,[46](#cam41776-bib-0046){ref-type="ref"} could be developed for treating stage IV NSCLC.[37](#cam41776-bib-0037){ref-type="ref"}, [38](#cam41776-bib-0038){ref-type="ref"} Therefore, with the development of new radiation technologies, more metastatic sites can be effectively treated by RT with tolerable toxicity. Furthermore, the approach of consolidative local therapy will likely become more relevant as systemic therapies, such as immunotherapies, improve.[44](#cam41776-bib-0044){ref-type="ref"}

Nearly all previous studies of NSCLC patients with oligometastases were nonrandomized and had small sample sizes. To date, the only randomized phase III trial was limited to brain metastases and showed no clinical benefits of local stereotactic radiosurgery.[47](#cam41776-bib-0047){ref-type="ref"} However, that trial was underpowered because of a small sample size and was terminated early due to slow recruitment because was approved in 2012 in Korea as the first‐line treatment for patients with EGFR mutations.[47](#cam41776-bib-0047){ref-type="ref"} Additionally, more than 84% of the included patients had AD. The subsequent switch to EGFR TKIs would significantly change the observed outcome. In this sense, our study may be more indicative of the real‐world situation of AD patients in a post‐EGFR TKI era.

Consistent with the results of previous research, we found that the influence of histological differences on prognosis might be greater than that of metastatic site differences.[48](#cam41776-bib-0048){ref-type="ref"} SQC, LCC, and unspecified malignant neoplasm were found to be sensitive to RT regardless of metastatic sites, whereas ADs seemed less responsive to RT, except in cases of brain metastasis. Although selection bias could not be ruled out as the cause of the differences among affected organs,[31](#cam41776-bib-0031){ref-type="ref"} the utilization of PSM in the current study effectively reduced this possibility. Unsurprisingly, we found that AD patients had better survival than patients with other histological types for all metastatic sites regardless of therapy. Thus, this survival benefit may not be attributable to RT but rather to targeted therapy, namely EGFR TKI therapy, since we recruited newly diagnosed NSCLC patients from 2010 to 2012. During this timeframe, EGFR TKI therapy was the standard of care for metastatic lung AD. It should be noted that the use of EGFR TKIs, when appropriate, significantly prolonged the post‐recurrence/metastatic survival of AD patients. Therefore, the survival benefit of applying RT might be effectively masked in this population. In this sense, our study may be more indicative of the real‐world situation of AD patients in a post‐EGFR TKI era.

Unlike RCTs, the SEER database usually has high completeness and is representative of the real‐world patient population. RCTs are prone to selection bias due to the recruitment of a specific group of patients of interest, thus limiting the generalizability of the findings. Trials usually set age limits or select patient groups with a favorable outcome. For example, the European Organization for Research and Treatment of Cancer (EORTC) study used an inclusive age limit of 75 years.[49](#cam41776-bib-0049){ref-type="ref"} We did not set an age limit to the study cohort, and we did not refine the results to include chemotherapy responders, many of whom might experience progression after chemotherapy, making the current findings more applicable to real‐world settings.

We acknowledge several limitations of this study. First, as with any observational study, the possibility of bias is a concern. We used the PSM method, which might reduce the bias caused by the imbalanced distributions of the measured covariates. However, bias from unmeasured factors is unavoidable. Second, although our results might be applicable to real‐world settings, we acknowledge that differences in the radiation dose timing, intent, methods, side effects, and second‐line chemotherapy may all have contributed to study bias. However, RT in the SEER database is defined as using RT during the first course of cancer‐directed therapy, with no information on the dose or intended target. Third, the SEER database provides no information on chemotherapy regimens, which might be significantly correlated with the survival of advanced NSCLC patients. However, since systematic therapy rather than RT is the standard of care for stage IV NSCLC, most of this cohort of patients received systematic therapy. We adjusted chemotherapy as a covariable in all the multivariate analyses. In addition, as suggested by the National Comprehensive Cancer Network (NCCN) guidelines and other guidelines, chemotherapy regimens for patients with stage IV NSCLC are usually platinum‐based duplexes as first‐line therapy. There are no appreciable differences in OS correlated with the selection of platinum‐based duplexes for advanced NSCLC patients. Thus, the selection of chemotherapy regimens should not differentially affect the survival between NSCLC patients who received RT and those did not. Forth, metastatic sites other than bone, brain, lung, and liver are not coded in the SEER database, which might lead to underestimation of the number of metastatic sites. Although more details would be beneficial, we aimed to show the general survival advantage of RT for stage IV NSCLC patients. In other words, our study was conducted from a qualitative, rather than quantitative, perspective. In this regard, we believe that the currently available data in the SEER database serve this aim very well. In the current analysis, we did not aim to define the type, timing, dosage, intent, or methods of RT that should be used in stage IV NSCLC. In addition, the SEER database does not provide data on the risk factors of NSCLC, such as smoking, which may have influenced survival. Nevertheless, the study participants were recruited through a representative national database, thus reducing possible selection biases. When we changed the cutoffs of some variables, such as age, the OS and CSS results did not markedly change and, thus, seem stable and valid.

This study shows that RT of the primary site and metastatic sites may significantly improve the survival of stage IV NSCLC patients. Further advancements in RT techniques may reduce its toxicity to normal tissues and allow increased doses to tumors, which may further improve the efficacy of the treatment.

5. CONCLUSION {#cam41776-sec-0013}
=============

The present study based on the large SEER database supports that radiation therapy in addition to chemotherapy might be beneficial for the survival of patients with metastatic NSCLC. Although well‐designed phase III RCTs are warranted to ascertain the value of radiotherapy in this setting, it is prudent to routinely select suitable patients for radiation therapy to the primary and metastatic sites in metastatic NSCLC based on chemotherapy.
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